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[0043] to [0062] 
[0043] 

Further, the portion of the Si cap layer 9, which is the side of the 
emitter diffusion layer 9a and is immediately below the underlying oxide 
film 1 1 , is doped with boron at a concentration equal to that of boron 
doped in the inclined SiGe base layer 8. A link region Blink is formed in 
an area sandwiched between an intrinsic base layer Bint and an extemal 
base implantation region Bex so as to be located across the Si cap layer 9 
and the inclined SiGe base layer 8. In this association, the link region 
Blink of the extemal base layer, which is located below the underlying 
oxide film 1 1 , increases in a thickness direction so as to include not only 
the inclined SiGe base layer 8 but also the Si cap layer 9. In this way, the 
HBT according to the present embodiment is characterized in that the 
thickness of the link region Bex of the extemal base layer increases. 
[0044] Wherein, the surface portion of the Si epitaxial layer 4 in the 
extemal base implantation region Bex is doped with boron at a 
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concentration of approximately 3 X 10 atoms/cm' , to serve as a junction 
leakage prevention layer. 

[0045] Further, sidewalls 20 and 22 each formed of a silicon oxide film are 
provided on the side face of an emitter leading electrode 10 and on the 
side face of a laminated film of the Si cap layer 9, the inclined SiGe base 
layer 8 and the SiGe spacer layer 7, respectively. 

[0046] An interlayer insulating film 13 formed of a BSG (Boron Silicate 
Glass) film is provided on the wafer. Contact holes are provided in the 
interlayer insulating film 13 so as to reach the emitter leading electrode 10, 
a region 9b of the Si cap layer 9 which is to be part of the extemal base 
layer, and the collector wall layer 3b, respectively. A tungsten plug 12 is 
buried in each contact hole, which is in contact with a silicide layer 21 
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formed on each surface of the emitter leading electrode 10, the region 9b 
of the Si cap layer 9 which is to be part of the extemal base layer, and the 
collector wall 3b. Further, a metal wiring 14 connected to each tungsten 
plug 12 is provided on the interlayer insulating film 13. 
[0047] Since in the SiGe-HBT according to the present embodiment, an 
area, which is located below the underlying oxide film 1 1 , of the region 9b 
of the Si cap layer 9 which is to be part of the extemal base layer is doped 
with boron at a relatively high concentration (approximately 2X10 
atoms/cm'^), the link region Blink increases in a thickness direction so as 
to include not only the inclined SiGe base layer 8 but also the Si cap layer 
9. The component Rlink of the link region Blink in the base resistance 
Rb shown in Equation (2) is reduced to, for example, approximately 4/7 
thereof, which reduces the base resistance Rb, and hence, the maximum 
oscillation frequency fmax shown in Equation (1) of the HBT can be 
improved. 

[0048] In the meanwhile, the Si cap layer 9 is entirely doped with a P-type 
impurity, however, the conductivity type of the emitter diffusion layer 9a 
of the Si cap layer 9 is inverted owing to diffusion of an N-type impurity 
from the emitter leading electrode 10, and the impurity profile of a 
longitudinal cross section going through the emitter diffusion layer 9a and 
the intrinsic base layer Bint is almost the same as that of the HBT 
including a conventional undoped Si cap layer. Therefore, degradation in 
the current gain cutoff frequency fx is only negligible. Further, since PN 
junction is formed between the emitter diffusion layer 9a and the other 
region (region 9b to be part of the extemal base layer) of the Si cap layer, 
charging and discharging times of the emitter junction capacitance are 
increased by slight increase in emitter junction capacitance, however, the 
value of the current gain cutoff frequency fx is hardly influenced thereby. 
Moreover, no decrease in the withstand pressure of the emitter/base 
junction is caused by setting the impurity concentration of the Si cap layer 
9 approximately equal to that of the inclined SiGe base layer 8. 
[0049] In this way, in the HBT having the single polysilicon structure 
according to the present embodiment, the base resistance can be lowered 
while degradation in high frequency characteristics is being prevented and 
the junction withstand pressure is being kept unchanged. In this 
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association, increase in the maximum oscillation frequency fmax and 
lowering in noise can be realized. 

[0050] Next, the fabrication process of the SiGe-HBT according to the 
present embodiment will be described. Figures 2(a) to 4(d) are sectional 
views illustrating the fabrication process of the SiGe-HBT according to 
the present embodiment, wherein, Figures 2(a) to 2(d) are sectional views 
illustrating the process from the first of the SiGe-HBT formation process 
to deposition of an emitter leading electrode poly silicon film. Figures 3(a) 
to 3(d) are sectional views illustrating the process jfrom formation of the 
emitter leading electrode to deposition of a coating oxide film, and Figures 
4(a) to 4(d) are sectional views illustrating the process from formation of 
the sidewall on the side face of, for example, the emitter leading electrode 
to formation of the wiring. 

[0051] Firstly, in the process shown in Figure 2(a), after the 
collector-buried layer 5 is formed by implanting an N-type impurity (for 
example, phosphorus) into the Si substrate 1, the Si epitaxial layer 4 is 
formed on the Si substrate 1 by epitaxial growth. At this time, an 
impurity such as phosphorus in the collector-buried layer 5 is diffused into 
the epitaxial layer 4. Thereafter, the shallow trench 2a and the deep 
trench 2b are formed, and then, the HBT formation region Rbt is divided 
into the first active region Rel for forming the emitter/base junction and 
the second active region Re2 for leading the collector electrode. That is, 
the Si collector layer 3a is formed in the first active region Rel of the Si 
epitaxial layer 4 and the collector wall layer 3b is formed in the second 
active region Re2 thereof. 

[0052] Secondly, in the process shown in Figure 2(b), an undoped SiGe 
layer containing Ge with a 15% concentration, a doped inclined SiGe layer 
which contains a P-type impurity, boron, and Ge in which concentration 
gradually decreasing from 15 % to 0 %, and a doped Si layer containing 
boron as a P-type impurity are deposited nearly sequentially on the wafer 
by epitaxial growth using UHV-CVD, while the gas species are being 
changed. Next, the doped Si layer, the doped inclined SiGe layer and the 
undoped SiGe layer are patterned so that the SiGe spacer layer 7, the 
inclined SiGe doped layer 8 and the Si cap layer 9 are formed on the first 
active region Rel of the Si epitaxial layer 4. Herein, the inclined SiGe 
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base layer 8 has a thickness of approximately 40 nm and includes the 

I O •3 

impurity doped therein at a concentration of 2 X 10 atoms/cm" , The Si 
cap layer 9 has a thickness of approximately 30 nm and includes the 
impurity doped therein at a concentration of approximately 2X10 
atoms/cm-l 

[0053] Next, in the process shown in Figure 2(c), after a silicon oxide film 
llx having a thickness of approximately 30 nm is deposited on the wafer, 
part of the silicon oxide film llx is selectively removed by wet etching so 
that the emitter opening part 1 1 a is formed and part of the Si cap layer 9 is 
exposed at the bottom of the emitter opening part 11a. At this time, since 
the silicon oxide film llx is subjected to wet etching, the Si cap layer 9 is 
not damaged. 

[0054] Then, in the process shown in Figure 2(d), an N-type polysilicon 
film lOx having a thickness of approximately 250 nm and containing 
phosphorus (P) doped at a high concentration therein by in-situ doping and 
a silicon nitride film 16x to be an implantation protection film are 
deposited on the wafer. Wherein, an N-type impurity (phosphorus or 
arsenic) may be doped in the polysilicon film 1 Ox by ion implantation. 
[0055] Further, in the process shown in Figure 3(a), the silicon nitride film 
16x, the polysilicon film lOx and the silicon oxide film llx are pattemed 
by dry etching using a photoresist film 17A so that the emitter leading 
electrode 10 in contact with the Si cap layer 9 at the emitter opening part 
11a, the underlying oxide film 11 and the implantation protection film 16 
on the emitter leading electrode 10 are formed. 

[0056] Furthermore, in the process shown in Figure 3(b), after the 
photoresist film 17A is removed, a photoresist film 17B covering at least 
the collector wall layer 3b is formed on the wafer, and ions of boron (B) 
are implanted using the photoresist film 17B and the implantation 
protection film 16 as masks. In this way, bom is doped into the regions 
Bex of the Si cap layer 9, the inclined SiGe base layer 8 and the SiGe 
spacer layer 7, which are located outside the emitter leading electrode 10. 
Thereafter, boron is doped into the surface portion of the Si epitaxial layer 
4 in the extemal base implantation region Bex at a concentration of 
approximately 3X10 atoms/cm' to form a diffusion leakage protection 
layer. 
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[0057] Moreover, in the process shown in Figure 3(c), after the photoresist 
film 17B and the implantation protection film 16 are removed, a covering 
oxide film 18 formed of a silicon oxide film for preventing impurity 
diffusion at thermal treatment is deposited on the wafer. 
[0058] Next, in the process shown in Figure 3(d), rapid thermal appealing 
(RTA) is performed at a temperature of 900 ''C for 15 seconds so that 
phosphorus in the emitter leading electrode 10 is diffused into the Si cap 
layer 9 to form the emitter diffusion layer 9a in the region of the Si cap 
layer 9, which is located below the emitter opening part 11a. 
[0059] Thereafter, in the process shown in Figure 4(a), the covering oxide 
film 18 and the silicon oxide film llx are subjected to anisotropic etching 
to form the sidewalls 20 and 22 on the side face of the emitter leading 
electrode 10 and on the side of the laminated film of the Si cap layer 9, the 
inclined SiGe base layer 8 and the SiGe spacer layer 7, respectively. 
[0060] Subsequently, in the process shown in Figure 4(b), after a metal 
film (for example, a titanium film) is deposited on the emitter leading 
electrode 10 exposed on the wafer, the region 9b of the Si cap layer 9 to be 
part of the extemal base layer, and the collector wall layer 3b, the metal 
and silicon are allowed to react with each other by thermal treatment so 
that a silicide layer (for example, a titanium silicide layer) 21 is formed on 
the emitter leading electrode 10, the region 9b of the Si cap layer 9 to be 
part of the extemal base layer, and the collector wall layer 3b. 
[0061] Further, in the process shown in Figure 4(c), the interlay er 
insulating film 13 formed of a BSG film is deposited on the wafer. 
[0062] Moreover, in the process shown in Figure 4(d), after contact holes 
are formed in the interlay er insulating film 13 so as to reach the emitter 
leading electrode 10, the region 9b of the Si cap layer 9 to be part of the 
extemal base layer, the collector wall layer 3b, respectively, tungsten is 
filled into each contact hole to form a tungsten plug 12 in contact with the 
silicide layer 21 formed on the respective surface portions of the emitter 
leading electrode 10, the region 9b of the Si cap layer 9 to be part of the 
extemal base layer, and the collector wall layer 3b. Next, a metal wiring 
14 made of aluminum is formed on the interlay er insulating film 13 so as 
to be connected to each tungsten plug 12. In this way, the structure of the 
HBT as shown in Figures 1(a) and 1(b) is realized. 
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-!^g 1 0 7*SKlt ?>nTV>5o -<DS i G e ^-^—^m 
7f4. 7Kn>'C0tfci{tlcJ:5''^'7^X'f s/i?^<yT 

/i^K— 7°$ixXVV^i/^T:/K— T^g-Cfo-So Si 
G e y-g 10 7 (DlSZXi. G e -^^S^^ 1 5 
?>_b^lc:[6];5^o-Ct^^- LJriiSSX- 0 % i: ^'^oTV ^^{gMS 
i G e 10 8 -tmn feil/TV ^-So Cl (TXS^ S i 

G 1 O 8(7DJS^4i^4 O nmT?. -(^S i G 
e-<— ;=^gl0 8F*3fc:(4. in-situ K— fVi^lC j; fJjK 
o>}45Jgx$i^TV^S„ $6>l-. M^S iGe-<— ;^J1 

J¥^2 0 nmOrv K— 7°C0S i VZfm 1 O 9}6S 

^^t?5^^Tv^^o ^fc. S i =3f-v -^^-g 1 0 9tD±tc 

'>y='>mfhJ^^?>'^csm%®^hi^i 1 i;ew 
^*v-c*3!9. m#^l^l 1 iWi. S i ^^-^z:^ 
1 0 9(O— gP^Sm^-yr^ai? s/^S'^pgpi 1 1 a:6gi^ 
^$tbTV>-5, ^LT. m^^W^l 1 lcO^S:-><5' 
MP^KI 1 1 a^il!>e);5:^^y v'y=3V;5>t.'fe5^$5'^' 
ll^tilbflffil 1 0;i5^{tibtv-CV^?)o 
[00 16] — _h|ES i ^^•>:7:gl 0 9(D5*>^ 
^y^gflPlFPll 1 a (DT^rkfifflt-S^fCfi, j:* 



[0 0 1 71 T1lc#®Kt:^i 1 i(r>±\ai. 

3 iRxmmmmi s 2<o5*>. mts^ft^i i 
^1 3 2<mm\ci% mm^-f k^7;*~/h 3 3>4s 

^PjSpSISI 1 1 aSrffifc, ;^^yvy3>i^-r K-i^:^— /v- 
1 3 ARCmiM-^-^ V^^^—zl-l 3 3 €:J*A/-e-<— 
§l#fflb«l^l 3 l<!:>?f[^LTV^S, 0*0. mm-^ 
^ K^f;*-— 3 3fc:ioT. 315 •>^'§|#tHumiSl 
1 Oi:-^— ;^§l#i±iLflMl 3 1 .i:;65e^lc:*i^*tv 

^tHhWmi 1 0-s<^i^(Z>^£8fcS5PIih^^^TV^5o 

1113 l<7)±Bi:ai$s/^5|^ajLi®Sl lOtiim^ 

[00 18] -tbt. -I^S i Ge^— ;^ill 0 8CO5 
-y iJ'tetic^ 10 9a (Dmrf:^\cii[S:r^fmAm 
;^SBint -Cfo-5„ S i G e i^-S 1 

O 7, -(^S i Ge^'-:^m 1 O 8&0«S i 

\o9<Doh, 'm.'^m.im 1 1 1 (r>^:^\z.{mrr^m. 

(B) 55s K— :7'$tl/T^9^<-:^a7vPBex;flSj^^tu 

Rb =Rex+Rlink+Rint 
Rex : ^1^15^— ;^®4'C0^9V<— ^aA^^BexCOS 

Rlink : ^I^^IK— ;^g4'<7>y :/i?^Blink<7>^n^ 
Rint -.-m^—y^mBint ff:mfU$^ 

[0 0 2 3] rcott. _t|Ey>^i^^CDigSt^Rli 

;55-e#?teV^S i Ge-HBTfC#^r<^>Jg*T^5>T'fe5c 

S i G e -HBT(Cl*5V^Ttt. 'ftf4S i G e-^— 
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— ^^:^cCoTV^S<, ^fc. -(§1^3 i Ge-^— X^8(D5 

*>mt®Hb^i 1 icoT*-f-i3V^T. X-tfr^-x^B 
int i:^t-|f|5'<— ;J^&A^Bex^: ^r*)^*^^TV ^5 V 

[0 0 19] Tfeio. c3i5:-;/^g|^t±JUilffii ios.t>*l; 

^.g^^i 3 2(z>^{i!i®t. -<-;^5i*mLmiii 3 

— 2 0;45^(tib;^^TV^5o 
[0 0 2 0] BSG fe)ron Si 

10 licate Glass) ^^fe?fc5^^^1 1 3t^\-fhf\. 
TV^:5„ ^Pn^g^l 1 3(ai. ^5:-y^5l^tHL«^ 
110, ;^§|$aiL«li 3 1, ="U-i^iJ"i7;t-— /V- 
g 1 o 3 b ^c^^^«^^ilJ*r5^gc7l;45|S(tib^^•Ct3 

t)s #^7LW4, :^%y'^^\^m\^Wmi 10. 
;^§l#ffiL«ffil 3 1, =I^^5'^e';^^— /l-®10 3b«0 
*®?fBlc?i^^H7tv-y-y-'f KSl 2 l(cg^^5i5'>' 
^>^7":/7'7^/l 1 2>isa^e)Ji*^^-cv^5, *fc. gra 

1 1 3<^±(a4> ^'^>^:^'r>~fv^l 1 2{c: 
hu^^SBB^l 1 4A5^{tbixTVN6„ 
20 [0 0 2 1] 

[^0J;S»Lct 5 <!:-r5^] Ld^U^j^;iSib. Jomt 
^(DS i Ge-HBTt^Si^7°D-k;^7t3— tCjoV^ 

[0 0 2 2] JJEEl 3 (a) . ih) \:^r&Wmi^ 
V^/UTKy i/y =i>®cr>S i G e -HBTlC*3V^T(4. 
-<-;^^Rb &«t-^^i:;05ffl»T?fcofc3 Ell 3 
(b) fi. '>'V^^/l':t?y'>y ="i^s i Ge-HBT<75 
:^ffi^RB (-> y -^--r K,g 1 2 1 5 5/ ^ jKil: 
Ji 1 O 9 a BTCOMtt-^— ^^Bint ST'<DlfifetR 
30 B ) cCJ^itRic^J-SrS^o 0^13. :^1^Rb \X T 
1^ (2) 

(2) 

[0 0 2 4]—*-. y^Oi-^i^y -ixy =iv5l(OS i Ge- 
HBTO^BtHiSlCjot/^Tt.. ^>^s/ haij/^lditjcii 
5 -y^BlRSPl 1 1 aSr?l^^5^J?)tc-RICi^^tJSl 
1 lj!i5jej>Si:7'<e5ri:)i^t>. ->:/j//'V7Ky :yy 3>^s 
i Ge-HBTi:Pl^c05a®i5fe5o 1314 (b) fi. 
40 ^:/yv-^y -vy 3>®S i G e -HBTO^— ;?^ffifetR 

B vmi2it^h=^^y-$'mmyo9&m. 

T(r>m^—^m^X(DmnRB ) c^^Sr^„ o 
SI?. -<-x^Rb fi, Tl^ (3) 



Rb =Rps+Rc +Rex+Rlink+Rint 



(3) 



Rps : X§ 1 1 tJb LflSl<7>j^ 

Rc : 1 1 ttl Vmm- S i ^-r s/7°JgF.5cO=i >- 

Rex : ^l-SB^— ;^e4'<^aK— ^SfeA^gi^BexCOg 

Rlink : ^tlfP-«— ^g^* V:J'^Blinkfi0^t^ 



50 



Rint ;^^Bint CO^t^ 

[0 0 2 5] ^<Dt^. y >'i5'^Blink(^>!aii3^R 
i:;6ST-%J'iV^S i G e -HBT \zm^<D^ms^X^ 
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[0 0 2 6] ;*:3gW<^g6*)f^ ^^^-yfm^liiL-fmt 

s i G e-<—^mt(mi::.Tm^mm^^^^'&ts 

i G e -HB T{C*3V ^T. ^—:^m7i^^SMrt^^^ 
[00 2 7] 

^mmmz.^'omf^^kx^ ±m^^mmfm^ 20 

^M\^—y^m^^ LTV ^5o 

[00 2 8] rtucio. mz(r>^^(rypf^i:< 

TgP(a4m25gflm:=FM#i;65-g-^tu-rv^5)(D-r\ ||3co 

^ Vy>'^y:^'?i)^hfh^o 

[0 0 2 9] ±^za:>^wm(^P^J:< t hTS^ic-^ 
itJ. ^2, m3<o^««£^Steffi(c?eofc;^K)^g 

[0 0 3 0] ±153^5 .y^§l#tiib«ffiSrmi«®S^ 

[00 3 1] ilBa^Ss/^J'^l^ttlUmiSSr^yi/yaV 
l^^iip^LTfe^. JilE^2Xf4^3(r)ij^{*®0 
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^'fb$^l.fcv'>':5'/u;e<y >y ai^CO-^f^a/M^K— 
[0 0 3 2] _h5B3i5 5'^5lg^mLflj3iSr^yv'y=ii^ 

m2jS^^»ii K-^$tufc:!Ky i>y t?^ 

•? s ^^-;^Jl;aMg:l^'f t$ tbfccJ^V/i-TK y v- y = v 

[003 3J ±fB®K«r'>y = vSKi;U ±15^1 
*#»®SrS iJlirU -hl5^2C0i{^WSSrS i Ge 

[0 0 3 4] :^wn<D^^^^s—y hy'^i^y^^(r>m&)D 

y^mtt£^m2(D^wm^i^i$:t^rM. (a) t. ±. 
ws^2(D^wm<D±\z^ ±mw,2<D^>mt\-iy^i^ 

Ji!t:R:fCj;f3?F^fi)trSim (b) Stg±l^m^*^ 

im:r^JM (e) i:*^^T'^^5o 

[00 3 5] rO:^tCj;t9. ||2COi}£l»#;g(D5*3:3i 
Wi i: . ® 3 (D^mm<D'pfj: < thT^t (DWSnJm. 
«^^c:^oV^-C. ^3<0^f*@ro9-b<^2^m7R^ 

[0 0 3 6] ±|az^ (d) (D'^X'±XdJM (e) (T^tft 

-^^if'LxAim^^mmmnu^imx^m^ 
(e) mmic^K). m;^xy^^\^ni\^wm 

[003 7] ±iBis (d) {c^ov^-rtt. 'j'ni-yhJiy 
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[0 0 3 8] ±mM (d) cD^ic. mLiiizMimR 

[0 0 3 9] ±IBim (c) (d) Oi& 

(c, ±iEm#ii^^±(-±is^3<7)^f*«<^wp 

^ ±mM (d) *±lsf«(*^^r?i^grr5nmo 
«■t'^f5<ti:tlC. JJBIjfe (d) <^f^. SSLhlc^ 

[0040] 

(a) , (b) it. y^mmmim^s i^i-y^mt 

S i Ge^—^Mt^^-t^^f"oy<^^~-y hy>i> 
7.9 (HBT) T-fcoT-VV-^/V-xKi; v'U 3>®HBT 

[00 4 1] lai (a) Id^i^f-. S iSKlcOa 40 

m^hKXii'O. ^OS i^l:''^d(^v--r/L-ji4lCfi, ffi 

-)3\zjmr<: s i sts i coii;^(cj»t-^,T-v— 7° f u-i/^ 

•3HBT?^£^Rbt>fiS5t*)ia**U '>-^D— hwv^^ 
2 a (C J: 15 , H B T?lM^Rbt:iSm 1 (Df&^m^^\ 
<!:m2©f£tt^Re2i:}c:iaif$*v-tV^5o ^rbT. S 
i J:^f^'dp->^r>'^il4rto=»^^'^a^^)3ii^g5(^±:*r 50 
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W4^5^(r*3V^-t. Miro^g-tt^ReimS i 
= U'i^' 3 a m 2 <Offitt^Re2Jc:f:i=i ^ ^7 
>'V'®3bJ5S^tv?'tl|Sft6>tb-tVN5<. ^^td. Si 
31 t'^^v^-Y/V-^ 4 CO 5 ^W, 1 C0?g-f±^ReltO±(C 

1 5 2 O n mfiO S i G e y-® 7 iim. 

(t tjHTV S i G e :^^—^m 7 

^W^W^fz.^^(n>X^'z>X. ^Whii^ K— T'^HT 
v^^j^v^Ti^K— ::r^-r'fe5<, SiGe;^'<— 

7 cOitCtt, G e 1 5 %/5iib±:*r(-i^];S^oTi^ 

^i?LJ3ig-C0%i:^^oTV>-5^S^S i G e^— ;^M8;0S 
K:tt h^X\i >5o ;^<75|^S i G e 8 COjp^i 

i^4 0nmT\ M4S i G e 8 rtlCfi, in-sit 

u K— tVi/(Cj;f9. 2ia^;i52xlOiSaton)s • cm-^ 

s i=¥-V5':7°Ji9:S^K^tibJ^Tv^5„ s i =^-Ys/>^ii9 
©J?^^ 3 0 nmT\ S i y-fM 9 HiZXX. \^ 
S i Ge^— ^SBP^irPimc. ^iS;SSiK)2X 1 O^^at 
oms • cvcC^n-m^y (B) ;iS K— 7°$tl/TV^S<, 
fz. S i =3f ^ y >^S9 <?5_h(C{i. J¥^;5S|^j3 o nm(7)-> 

y ='>mmA^h^j:^-m^m^mi i ;a5^(t*b*vTSB 

•9. Tlict^tJRl HCfi. S i:3r^y7°)i9(0--gI5* 

iiai$ii:5j:$5'<5'r^p^i 1 amm^ivx^^^. ^ 

LX. TSc^^hMl icT)^? j/^BflPgPl 1 a ^SJ?) 

^^.y^^l^iHL-mMlOt^ni-fhixXV^^o ^^•y}' 
^{t^taiMMl OiCi-i. ^i££«?55 X 1 O^Oatoms • cm 
-^(DNm^msX'h^V-y (P) ;6SK— 7°*tu-CV>5„ 
— ±ffis i ^i's/:7:ii9cD5*>^? s'^MngPi 1 
a £7)T*l-<4H-r S^i^frji, 5 ^ § I ^ tb bflffi 1 

y-S^mcms ai)m$.^nX\f^^o oS!?, Si^^y 
■5^9('{i{5f?*S— tC7Ka>' (jSS^2X10i8atoms 
• cm-3) :d5K— :^$;h.TV^5;6\ S i ^-r 5'7°;^9't' 

mi o:^^h!BmL-t'V ^-ffm&A^ h-^$nx\,^^^v 

J; t;MSl-i«V MDX\ 9 a 

[0 0 4 2] -f-LT. •(P,f4S i Ge^— ^S8C0 5-^3i 

SBint -CfcSo Sfc. S i::i^fc°^^->-lr>'l'S4(7)SB 
gp, S iGe;^^— i^-^7. -fg^S i Ge-^— ;^M8& 

1>*S i =¥-^5/-7^9C0 9-^, C3i$ .y^5'§l#tilL®®l 0 

i^T?fo5:!KD>' (B) tiV—-:f^K1tim^~:^m^ 
^Bex755?iM^ttTV^^>c rcD^aV<— ;^aX'^Bex 

[0 0 4 3] S i=3r-t 5':7S9</>5*>^$5'<5' 
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imm 9 a <D{^:)n^-m^mm 1 1 iTFo^fc 

{i, m^S i G e-<— >^g8 i:|^C^gS(D:j?a>^S K— 
:r$^^-CV^5o *UT. S^l^— X^Bint ir^l-SlK- 

i:M^S i G e-<— ^gS irlcHoT li ^-rJ-^ 
Blinkf^i, i Ge^— Xg8fc(tT-?fe< S i =¥-r 

J;5l>i, ^l^-:^e^fioy:/j5'^Bex(^ffi^^^;iStfc^ 10 

[0044] fiU, ^^—:^fiSKm&BexC7> 5 *? S i 
Jit;°^5'=3f->-^/l'® 4(^fflgUf4. mtA^S X 1 O^^at 
oms • cm-3Sie<07ifD>TdSK— T'^nX, ^V—i^ 

[0 0 4 5] Sfc. 2.^g|#ti}L«ffil 0(^ftl® 
Si^-\r5':^9, S i Ge^^S i Ge^— 

8 Rl^ S i G e X^— i^S 7 T^^-SflUMf^lffi i: (C 

O, 2 2;i^^^tf>^^-CV^5„ 20 

[0 0 4 6] ^fb(-, [^'^^Jl(C^i, BSG (Boron Si 
licate Glass) m^h^J:^mr^^t&m^l St^^i-fhthX 

0 . S i =3f-ir J/ 9 CO 5 *><^^— ;^Ji<;>-|F|3i: ?fc 
9b. 3 u-^ "^si-— /Ml 3 b [c^in^hSimt 

^mvWmi O, S i ^^y^9(Dohi^U^—^m 
>:7'5i/l 2)isafcii*j^TV^5o *fc. M^mmi 30 

[0 0 4 7] *|IS©i^®(C^5S iGe-HBTlCj;5 

9 b 5 ibTm^mm 1 1 (OT*i:i{4St-5^1' 
{±. tt«^;^«^07Kn (ig^ 2X10 iSatoms • 
cm-3) JiSK— 7'$*VTV''5C0T\ U :^:^^Blink 
tt, rn^S i G e'<— ;^S8fc(tT-^i< S i ^-Y y^M 

9^fc^J;5ld?^:*lS]lwftte*cbTV>?)o ^rL-T. ^ 
(2) fC^--^— ^^Rb C05*>y:^:5^^BlinkO 40 
)^Rlink;a5^ mtf4/7^|:Hgigi-^„ ^(D^ 
^©SRb ^vh^<f^5(^-t\ ^ (1) 

[0 0 4 8] — s i =3f-r-;/7°S9^(a4PS^M 
t,<r)NS^R^(Dtel!clcj;i9. S i=3r-^2/::r^9(?)5*> 
9 a S.D^'tt^-^^ B int ^iBgf SiSJWfffi 
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i =3fi'2/7"MSr#xfcHBT('*3{-t5^M!fey^c7T-r 
^jSSgCfr <^bW:{ai:A.i^jgrib'5^V^o S i =5f 

9 <^:t*BW8SS:«^S i G e ^-xg 8 i: 

[0 0 4 9] rwiplc, 7^5li^®<7)HBTtCi^X 

w^/i-^yv^y =I>^s^#t-5HBT^c*3v^ 

[0 0 5 0] 3tg©^^t7)S i Ge-HBT<?)$8 

itMcoVNTtJi5^-r^c 02 (a) -EI 4 (d) {4. 

:!^m^m(Ds i G e -HBT<Dm^:iM%:7rrtmmm 

T'fc5o -^r^T??-^. 1112 (a) ~ (d) (X imcotiC 
5*T-(^XS^S5rtt^ffS01l. EIS (a) ~ (d) fi. 31 
X(DJM^^frfWmm. 04 (a) ~ (d) {4. 3i$ 

[00 5 1] 4Ts 1212 (a) i^^lMX\ S i »K 

0 > S i MR 1 <?>-t:t- S i 31 \f^^i^^jvm 4 i:mf^ 

^s&W^S i3it''^=3rv'-^yV^4lclS£iW5o ^^O^. 
HrD— M/vf^2a, :/M^V'5^2 b^j^U 
HBT?I^^RbtSr. 31$ -xS' • if 
^SfcfeOHlOffitt^Reli:. =iU:i'^mte75§| 
W L tr^T'SJ 5 fci?>(^m 2 OfStt^Re2 i: {CEBrf- 
0*19. S i3ik'^dr'>^r/Mi4(0 5t>^l(75ffi'f4 
^RellC(4S i ='W^^S3 a*5?i^$tu II2C0® 
tt^Re2fc:f4=r r^;j~/l« 3 b yS^^^ixSo 
[0 0 5 2] 02 (b) tC^XmT% UHV- 

CVDSrfflV^f::3it''^df-v'^/U^J'acj;t3, ^:7aL'N± 
tC, G e ffy^m^iii 1 5 %c^T > K— :/S i G e Mi: . 
PS^T^^Tfc-SJKD ^-S-^^^^G e-^qff^s 1 5 rod^'b 

0 im^{P-t^ K— 7° h«f4 S i G e S i: . PS^M 
i^Xh^^a v$r^ K-:/ h S i Sr, 
x.fj:t^hm^^l.Ximt^. ^VX. h'—^hSi 
mt K— :/Mftf4S i GemtT>-V—^S iGemt 

^nV^LT. S i3it°^df-v/-^/l<|g4CD5*5M 

1 (Dm^im.Rel(D±iZ^ S i G e 7 is M 
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#4s i G e K— T'SS t. Si^-r yzm^ t^MrT 

•So -fg^S i Ge^— ;^S8(75J?^^4 0 

nmT. •t0^i|5fiW^I*2X10i8atonis • cm-^-e 
fo-So S i ^-Y yZfm^ (Dm^W}3 0 nm-C^ ■^<D^ 

[0 0 5 3] 1212 (c) iC^lStN <>::^^± 

\a^T!)m3 0 nm<7>'>y ^i^SHId^l 1 x S^Lfc 

3i5:3/iJfMPgPl 1 a<?5Jl£gWrS i^-\'y:/^90— gP 10 

a^^Mb^l 1 xSrJc:2/^v^-r5(/)-C> S i =¥^5'::^ 
€ 9 ^ — :^*-^;t 5 :i tt^^^v \ 

[0 0 5 4] iSktC, 02 (d) IC^X^-C\ 
fC. in-situ K-b-l^i/lriiJi^iiScOyv (P) -A^V 

lOxi:. aA.^Sg|^i:Jfc5'>y=iyS^t3Sl6xi:^ 

;^cfcu v'y^v^ioxtcti. -Y^^- 

i.\,^-h<Dt-t^a 20 
[0 0 5 5] ^ktd. 1113 (a) \C^1MX\ ^irYi^ 

^v^^tJ^isx, jKyi^y3>mioxS.t;«i^y3v 

lot. mt^tMl li:. ^^s/^gltmuflfiel 
[0 0 5 6] m'. 03 (b) 1'^1MX\ y^Y"^ 

hmn Ufc^, ^> Ji/N_hic, 3 Ui^' ^ r> 
/I'JiS b ^r^i>?fc< i: h Wv';^ W^l 7 B 30 

1 6*-^;^^'i: LT^^Kav (b) (75-Y;e->'aA^^T'fe 
5>„ S i =5f-^3'::^9. '»^SiGe--i— 

^^eSSO^S i GeX^— 1^^7(05*>. 
mVWmi 0C0^«-{4Bi-^^JtBex(C{j;7Kn>T6S K 
— ^LT. ::<^g|5-<— ^aA^^BexCO? 
*>S i 3it°^df'>^yl^4<7:^S^fPia4. X 1 0^^ 
atoms • cm-3w^t^£0^i?DV3!|S^A$^^T. Sttfcy- 

[0 0 5 7] 1213 (c) \Z.7rrriMX^ y^V\^ 40 

h M 1 7 B S.D^ftA«|ffll 1 6 Srl^ L:^c^. rj?^ 

[0 0 5 8] 1213 (d) fC^lSt?. 9 00 

X:, 1 5S!Rg(7)#^^\ ^ii^JIifi^ (RTA) ^ntj: 
oT^ J^^ S'iS'^l^ttiUmSlOfcoyi^^S i=3f-f> 

9 rttCfeS5:^-&T. S i ^-r y 9 9 
^P^P^FIil 1 a<^T;^fctfl®f y^WSlM 

9 a ^mi^^. 

[0 0 5 9] (114 (a) »C^XST\ 50 
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imi 8st>'->y ='>^t^i 1 xsrs:*tt^5'^i^i/ 

Si:. Si^^->7^9. •f^S i Ge-<— ^MSSO? 
S i GeP^-?— ^S7:6^^)7'£5l|)lM<7Ml!lSi:lc, -frtb 
m'>y >®?fk^»ib^£5f--l' V<>:t~/i-2 O, 2 2 

[0 0 6 0] iifetCl. 04 (b) \Z^JMX. ^:x^^± 

icmtiiVX\^^^^^y^^\^tiiL-WMlOt. Si^^ 

y tts 9 5 h<Df^^~:^mff>-^t f^iim. 9 b 
^ii—ix^m 3 b i (Ti^dz.'^m miXktf- 

^mZ-^^X. :^% y^^\^m\Mmi O, Si^^y 
y^9(Do h(m-^~:^m<r>-^t ti:^im9 b , R 
t/3 ^ ^7;*— /l^ 3 b (D±\C, y -!^-r Kg (««Jx 
fi^^ V-v^ y -l^-f K®) 2 1 ?r?^^2)<. 
[0 0 6 1] (Sfefd. 04 (c) (C^XmT'. ?>^N_h 
tC. BSGl^^e>^cC5SP.5ffii^l3*i|^5o 

[0 0 6 2] iskic. 04 (d) izjrtTmx. mmm 

Ml 3tc, y^^^l^ttium^io, Si^-ir>:?°e 
^ 3 b (c-^ti/^r'niUi^S^EFL^MLfc 

m(o—^tfj:^m^9h, ='\^-^^<>^—jimzh<rm 
2^^-rs, ^c^. sr^g^^i 3<^ 

^>A;6^^7fc5^Bg3^14*?f^i?g^5o ^i^('i;^5, 0 

1 (a) , (b) \z^w^T(rmm'^-m:^^o 
[0063] ifmmmrm^imzx.^-f^ 0 2 

(b) tc^i-lST'. it«»<]i^^tg<;5PS^^?r^ 
S i ^^•>7°S9^?fMU 03 (d) IC^XST'. 
:i(OS i=^-rs'7^9cDp*>3^5 .y^'MPa31 1 aCOT 

9. S i=^-^2/7m9CD5*>^:*^fl3<l3i5->.^tfeSi:g9 

Tic -So 

[0 0 6 4] Lfc;a5oT. 1«^OHBTC0rri:<T>-K 

gp-<-;^g<D 5 -^TTK^^tM 1 1 <ryr-)j\zJm:t^n 
y Vi^^BlinkcT^^TLfit^ie^S^ bt^X 

So 

[0 0 6 5] >^:m^(m(OHBT(Dm^JM\^^ 

V^-C. 04 (a) tC^j^i-:4?n>(D'l';i->'j£XljS(*lB& 
UT t i V ^o S i ^-s- y^^M 9 tCi«jiS<?>*!D K— 
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[0 0 6 6] -kit. 02 (b) »c::^S i =3^^2/7^ 9 
CDJ^f^drv'^/l-fiScRcO^. in-situ K" :/lCj;oTS 

T*5ttf^J:</\ ^(Dm^iz%,, ^ffym<Dmim:LXoX 
^o^t^s i ^^yy^9fH^±^i'mct^(r)X\ ^ 

%<-^m±»<Dmm^^b^ < ttmr^ ^ t i^-^mx 

[0067] (M2(Dm&(mm) m5 ia) , (b) 

iX *l§^^tc#ss i ^5: •y$'mt S i G ;^ 
Si:Sr#t-5^xi3^W^— ^ hvVi^^^;? (HBT) 

0. RXJ^^ y<^-^-^^^m^m(Dlim^mzLX 

m^^mmmxh^, 

[00 6 8] 05 (a) {C^<t9l-. SiStSl<^=' 

14gS^Sriairf-5fcfc<^->-r a— h 2 a ji^Kft h 

:fe-lc®t>*T S i £K 1 (^^{citt-^r'^' —7° h u-v^ 
2b;d5^(t^tx-Tv^5»<, ^icot'^'— :/M^v^2biri 

>?HBT?^J(:^Rbty55^'9iaStV iX-^ ci— h W-V^ 
2 a (C i >5 , HBT?F^^Rbt>45|^ 1 COfSiS^Rel 

i:m2<og^4^^^Re2t^clal^$^^■rv^So -et-T. s 

i 3:. fcf^' ^-y-^-zPM 4 (7>=i W-;? ^ffiJ?>ji^@ 5 K>±::i^ 
^C^4gt-?)^I-*3V^T. MlC0f&l4^Rel(a4S i 
="Ui?^g3a;6S. m2CDf§t4M^Re2(ai3W;J'^^? 
/uS3b;dS-t*Vf*tLK{te>m:V^5„ Si 

Jti ^ v^-^/v;! 4 £7> 9 ^sS 1 COfS-tt^l^Rel W_hfC 

tW^ 1 5 ^ 2 0 n mCO S i G e ^^@ 7 

{■tfetb-CV'So :rcOS i Gey^-<— i^g7f4. jKoVCD 

^^>',cv^TvK— :;^-t?fc5o i^fcs SiGe>^^— y-g 

7cD_hlCf±, Ge'^^^i)^15%t^h±:fji'\^A^'oXi^ 
<i^L±MXO%tf£<:'X\/^^W^S iGe^—^m8ti 
mif hinX\> (Dim S i G e ;^Ji 8 (Dm^ii 

)jS^4 0nmT\ Mf4S i G e ^Jl 8 rttdfi. in-sit 
u V—ii°>-yi,cX'0. |gS/552X 1 O^^ato^ . ^,^-3 

(D/Ko>^ijSlA$nTV>-5o $ib(C. ■W^S iGe^— 

8 (75_htc{i, aiif ^ ^^v^-^-'u^iicSt- J; '0 jm.^inti 

S i ^-t ■> >^ 9 ^5^(t ^jHTV S i .y^^rg 9 
CDJl^H#tl3 0nmt?. S i ^^r yy^9pHiaX 
S i G e^— ;^g8rti:R^lC. ieftj!iSi^2 X 1 0^«at 
oms • c m-3(07j?D (B) K— r7°$tl/TV ^^So * 



t). mtg^t^l im. S i=3r^5':rS9(75^^ 
miii^'^^=^^ -y^ma^l 1 a;fi5?^^$i^■rv^5o ^ 

ssKyv'y 3i^^ib?'^2.^5->'^5'§i#tiiLmiii oi)m 

5X1 O^Oatoms • c m-^(DNm¥m^Xh?3 V V 

(P) ;d5K-r^$ix-CV>5. — JilHS idf^ry:?^! 
9 (D 5 *>:^ 5 •> PSI5 1 1 a fOT:fric^ief 
fi. ^5 5'<5'§l^tiib«^il0;i)-?><Dfe2S!t(cj;|9. 
10 m(DV XdJ K— 5 y ^imm 9 a id^j^g^n 

TV o* 13 , Si =Jf 9 \cmmmi—i^yi^o 

V^55i5. S idr^5':;^^9'f<^:x5:2;^Srtfc|Sg9 alCjD 

v^-cfi. 3c5:->^§i^mL«^io;4^fbfembfcyvco 

(OX. :r.^-y i?tt£|feS 9 a ttNMtcS^ LTV ^2>« 

[ 0 0 6 9 1 *fc. m^SHu^ 1 1 <o±\cix pm^ 
mu®iii3 1 '>y ='^tmo^t>/,c6®firBi*e^ 

20 3 2^;55^lte)HTV^5, ;^§|%aib1ffi3 lJltJ« 

«iff^^3 2(D5*,, m^s^aii ico3i$->^ 

r^pgpi 1 a<D±:fy('^4S:r5^^fflP^t^TV^T. 

'<-x?i#mL«i^2 ist>*Mr.g*^^3 2£;>{wic 

fis ^bMi^-Y K?^;<— /V3 3A5^(t?>tu ^ibic. ®J 

— /U3 4^5^(tb*l/TV^So -eUT. _bai<?>3:-5: s/^^l 
#aiLlffil OJi. -y^rMPSRl 1 a^Sr*fc. if^^) 

i^V ='>i^-r K'?;^— /1'3 4S.t)^b^1^-l' K'^;*-- /I- 
3 3^^T"<— x5l#t±jL.«tl3 1 <i:*)lS]bTV^-5o 
30 oSt), SHtMl^'l' K!?;*-— /W3 3JCj;oT. 3i$s/i5f 
§l#tiibmffil 0i;-<— x?|^t±jbmffi3 1 <i:;a5fl;^ 

i,cfim^ri^tt-h\c^ -<-x§i#mb«ffi3 i;6-ib3i 

$ s/^^l^mum^l 0---co:T^^cOfe£|fci5pM:$tlT 
V^5, '8firra«^jg3 2{Cj;oT, -<-x§l#ttJ 

IC*i»^tvTV^-5o 

[00 7 0] ^:LT. -ffl^S i Ge^— 8(75 5 

JlBint Tfc5o *fc. S i aih°^df->-v/l'M4(^B 
40 n, S i Ge;^^— -(^S i Ge'<— ;^M8Sl 
t>'S i y-fm 9(Do%, m^SKtM 1 1 (n>^-)D\Z. 

fiefs^i-fi. ^^^^'eLMz.^'opmw^xh^ 

if^^^'y (B) 1fiY~-f^mz^W<—^W^m^P>Qyd)^ 
?i^^$nTV^5„ :i<Z>^1-g|K— XftA^BexdS^I^ 

— ;^g(7>-?fP(CJ'^oTv 

[0 0 7 1] $ib{-. S i =^-\'S/7l)i9<D5%^5: 
K:iitg9 a (rmm--^-Tmm\M\ 1 iTFco^lc 
{is -fftf^S i G e-^-^^SS t ISlC^(^*;'n>-;45 K- 
>^§4^TV^5„ -tLT. ^-tt-i— ;^^Bint i:^|f|K— 
50 ;^aA^Bex^:^c:g^*^^5^^c}3V^T> Sidr-v> 
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f 9 tWMS i G e ^—:^m 8 t IdHoT V ^^yw 
Blink;65ji^$jvXVN5o ^g|K— 5 

Blinkfi. -(^^S i Ge-<— ><>^8fc1t-r';^C< S i ^-r 

LTV >5^S5^^S»1^C0HB T(7>|^irefc5o 
[0 0 7 2] /^*5. :^a5-<— ;^?iX-^BexCD5*5S i 

cms • cin-3^(^zKDV;aSK— :^$*lT. ^y— ^ 

[0 0 7 3] ^5 3/^§|^tiiL®Sl OJlt>^ 

O;05^(tt.^^-Cv^5o 

[0 0 7 4] $ib(-. ^oc^NJitai, BSG (Boron Si 
licate Glass) m^hfU^^S/mmi 3tWinhf\X 
V^5o ^fl*l^l3fC«. ^i^.y^gltaLWfigl 
0. ^§l^aiU®®3 1, :=^Ui'i">:i—JVm^h 

3 1. ^lU^^ /I'S 3 b (Dmm^ic^^^Ht—> 
y-y-1' KS2 l(r^4i-5i5'^J^;^xi^7^1 2;d5Jti 

[0 0 7 5] 3|c3ei©l^Jr.'^5S iGe-HBTfCj;5 

i:. ±IE|llC0|IS©]^^gc0HBTtl^(C, Si^-f-y 
-m 9 cO^^glK-^eo— gpt ^^^5^9 b © 5 *>TSfe 
i(^T*-f'fiffli-5^(-<i. tt:t!^<Ji«^ 

<7>jKo^ (Ji^2X 1 Oi^atoms • cm-^) K— 7° 
$nTV^-5<75-C\ y >-^^BlinkJi. -W^S iGe^ 
— P^^8;^d'(tT'^£< S i de-Ys/7°Jg9 ^rt-stfJ; 51^1? 

^:*^^i](::^fc^:L•rv^5c -eux, (2) \z.7s^'r<~:K 

latRe '^?*>y>'i^^t^Blink<r)^Rlink;55^ 

/h$<'fe5fio-c\ ^ (1) \z3T^Y\B-Y<m:xwmmm. 

mfmax C0f6ll:4rias^<!;;a5-et5, 
[0 0 7 6] — S i df-^ s/:/M9^lC(iPM^*e 

/Hi. t«^5l5cor>K— i -y^^^^ftHB 

-^t fi^m^ 9 b ) t (DPrBlC P N^^^5ji^^iv5 
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SSrft^S i Ge-^-^JiStllPSai-rS^irlcio 

[0 0 7 7] ^KOj;?}-, :*ie6©i^ffiC0HBTtcJ;tu 
iS^ri'/l'/Ky v'yn>^^;fi-t-5HBT^C*5V^T 

max (DJt:*:^:. -le^^kir^ll^-r^ririaJT^So 

[0 0 7 8] *ll!i^^(?)S i Ge-HBT<7:^ 

jtMcoV^-ttj^l^-t-So 06 (a) HUS (d) fi, 
:^'^mm(^S i G e -HBTtT^iStXS^^^rt-KffSIlI 
-CfeSo -^-tO?*?. 1216 (a) ~ (e) (i. IScOttC 

5*-Wim*^^rtWfflEI, 137 (a) ~ (e) {4. 

SSr^n^SBl. 08 (a) ~ (d) f4. 3i 5 -y JlSfc 

■So 

[00 7 9] ^-f. 06 (a) \ZJMrlMX\ S i 
ltd, NS^IrB^ mmtV>-) cOjiA(Cj;(3=rI/:^^ 

. S i SK 1 <75±(CS i 3it°i?!'df-i/^/L,g4 ^j]^^ 
So iC0<!r$. ='U-^^Jffi!i?)3Z^^S5rt»y>'?'^<if»:^ 

ro— M^V9^2a, T'-f— 7°hU>'f^2 bSr?iMU 
HBTJ^^Rbt^. 31? . -<-;^^;^C<i^^ 
30 ^5yi:86<^^l(?5?g14®fe|gReli:. ^\^i'^mm:>^\ 
^ m LSrft5te 5 fti^m 2 <Dett^Re2 icEiIrr 

•So OSU. S i3if^ar->^/Wji4(D5t>^l<75S-|4 
^ReltCttS i =rl/iJ'^'g3 &mm^iX. ll2(DS 
14^Re2ta4=' U^' 3 b >i5?K)*$iv5„ 

[00 8 0] 06 (b) (d^X^T-. UHV- 

Jr, G e (rr^m^*^ 1 5%<?>T V K— ::^S i G eMi:. 

40 i^-efc5 K-:^ h S i S Sr. 

mt K— :/HS^S i GeMtr^-K— 7°S i GeiBi 
c^V^bT. S i3ctr^=3rV-y>'l'S4(0 5*>ll 
1 <0?Stt^Rel<Z>Ji(C. S i G e i^"® 7 •(g 
i G e K— ::^8 s i ^-^ yfM^ t^Tm:t 
5o 'ffl^S i Ge^— ^S8C0J¥^{4^S^4 0 

nmTs ^<7>?f^i6tftljgfgf42X 1 QiSatoms • cm-^T 
fc-So S i ^^ .yT'ggtTJJllJ^^f^^S 0 nm-e. ^<iy^ 
Wm^i-m 2X10 iSatoms • c m-^TfeSo 
50 [00 8 1] iiJctC. 06 (c) Id^XSX', ^>3c:^^Jl 
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10 0 8 2] 06 (d) tr^I^t?. -^yaV 

®^bBI 1 1 X <0_h^c^H•fc73^ h Uv?;^ 1 7 CSr^ 

O^S^ig^Sc S i=3r-tS'^Ji9, Wf4s i 

G e ;^Ji 8 my-S i G e 7 (^^'f':*:^!!^' 

fflMP«54 0mS i^-ryT^g, '(^SiGe-i- 

8 ^TJ'S i G e Ts^—^Wt 7 £75j^gP:6SSttl bTV ^ 
So Mv^-c. h i^v?;^ h^l 7 C^r-€:to**aA-^ 
^^iL-Cfflv\ PS^iNe^fc5jj<i3>' (B) (n>^ir 
>1iASr^TV\ S i ^-VS'T'jiG, ■|^SiGe-<— ^ 
S 8 , S i G e ;^-<— !^)g 7S.O^S i :t tf^ deiz-r/V-g 

:^&A;^BexfiO 9 *> S i tf ^ 
/I-g 4 CO^BSClCti, 3 X 1 0 i^atoms • c xar^(rM. 

[0 0 8 3] (Skid. Hie (e) {'^^Xm-C\ CVDIC 
J;I3, r^Jc/NilcK^CD^KD^- (B) J)SaA$tbfcJ¥ 
$^1 5 0nm<Od?y->y3>^3 Ixt. 1¥$^10 
0nmO->y3>@^t:^3 2x,!:Sr)ii2)^»t-5o 2k 
ic. K^-Y^^yf^Vi/lc^tj. v'y=i>^t^3 2xi: 

d^y v^yavi^s 1 xi:cD>t>:^}c, i^y3>®Ht:^i 
1 xfci^5^5 s/^HP^pa 1 a Sr?i^!?rr5o ^<n>^ 
5 5'^'MpSI53 1 afiv-y =!>@f^tMi 1 xCO't':^J; 
l5*5/h$<. ^5 3'<5'MP^f[53 1 aZ)5^— ^^ggfflP^P 

a54 0ld?t5::i:J4>Jcv\ 

[0 0 8 4] M^. E17 (a) lC:T5rt-I@X\ CVDtc: 

i 19, r>3vsoi^±(::jf:$^*)3 0 nmco->y ai^t: 
mtw^n^y 5 onni(o-y-.Y K[>;i-— /uffl/Ky '>y 

•9 . y vs^tMRD^i^-^ K y ~> y 3 V 

M^3is/5^y^->^ LT. JJ^y v^y 3>1^3 1 xS.th'v'y 
= >®Ht:^3 2 xC03i$ s/<5'g|Pg|53 1 a irjottSME 

±ic, @?fbKi^-r K'i';*— /L-s 3 tJKy v-y k 

e':^-/W3 4i:$^ig^5o 

[0 0 8 5J 07 (b) tC^xmt?, 75/^ 

x&0^l^•^^-r K'i';*— /l-3 3<;>5*pSfflL-CV^5gp 

^^W^-t^. ^^-y^rjlpgps latc^ov^ 

S idr^s'^9;iSStat-5<, -J/a^s' h^-;' 

:^ t V y 3 >^^i^ 1 1 x 
$iT^ tfe^Ufcv^y ^vS^lMl 1 ^cryMsmtK mk 

[0 0 8 6] iSkJd. 1117 (c) \Z.m-lMX\ i^^CD 
y^- (P) ?r^tfJ?$*S*«J2 5 0nm(OxKy'>y='V^ 
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K^-r^s/f^i^j/t-ioT/i^y '>y ='>-m^^<^'-;^:^ 

[0 0 8 7] iskl-s 0 7 (d) ic^vrxs-c. 
v?^ MUl 7D&^Lfc^. fffc^d^^^j- h l^v^;^ 
1 7ESr-^x^i:-r'5 K7'l'3^s/^>-i/lCj;'3. i^y^ 

v®HtM3 2x, ^y vy3i/M3ixSt;«~>y3>^ 
-fk^i ix^-'-^iJ'-r^^'i/u-c, -i-xgittuumBia 
10 '>y3>ffi^tJ^llx09V< 

[0 0 8 81 iSkfC, 07 (e) fC^I^-e. 7;*- 
1 8?r^-r5o 

[0 0 8 9] ifk(C, 08 (a) tC^ZST\ 9 00 

•c, 1 5Sf^<^4^\ 5sag)!jffiia*£M (RTA) ^^T'^c 

:;^Ji9rt(cfe£|ic$^T. s i =3f-r 5':/Ji9co9-^ct5: 

20 ^MPgP 11a <75T;^{C^fif©f-S^fC3i5 s/^ttSfeg 

9 a ^^-rSo 

[0 0 9 0] 'M^, 08 (b) {C^xmT\ MSffl^ 
\m.\ 8St;'->y 3>^kJR3 2 xSrS^'tt^.y^Vi/ 

-^§l#ttjb«^3 1 ircoratcmW^MIS 2$r?iM 
-rsirir'blc:, s/^S'gl^ttlbmill 0S.T>mWBm 
ismz 2<z>ft!ffii:. ^§lttHbBfig3 iroiayffii: 

f-. ->y =t>^id^.?>?^£5-y--r K!?;*-- o 

30 [00 9 1] iSkld. 08 (c) fd^jm-r?. {J':3^^Jb 
lcg|thiU-CV^5J^$->^§|^a:iL«l^l Oi. 
#tHUfl:^3 1i:. 3^^^-?;^— /U'Ji3b<!rco_h(d?: 
^9^Si*)4 0 n m(^^^ vm^i^ Lfc^. B^OaiC J; ^ 
<?:^i:->y3i^i:^Sft:$-a:T, ^5 s/^'ll^tlJLW® 
10, ;^5li^ttlLflffi3 1, S:t>*3Ui^^rj^;^— 

^3broJzic. ->y-y--('KS (^^^s^y-y--!' KS) 2 

[0 0 9 2] J^d, 08 (d) (C^X@-C\ >?3i/sJi 
td, BSGl^^b'feSJiF^^feidm 13**1^^0 
40 fd. MFr^5^13(C, 3i$5/^5|tttiu®ffil 0, 

§l#ttiL«IS3l, 3^-^'^:J'p^— /ug3beo^Bgr|5{c 

?^^j^!^^^^f'Vy■y-'1' Kg 2 I(d^l5tt-5.i5'>'i>'^x:^ 
^^1 2&?igfi6^S, ^r<^^> gr.g*^ia^l 3(DJilc, 

(a) . (b) \z^Y\^T(rmm^^m^•f^. 
50 [0093] i^:mmwom&-im^^^^. 0 e 
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(b) \^jfrrjMx\ itm]fimm<Dpm^im)^s:M! 
s i'^^^yym9^:im.u ma (a) ic^iMx\ 

a i: >fe <9 ^k\&mm^ 9 b ns^^—7M(n>-^h fa 
[0094] bfc:65oT. $a5C0HBT<^ri!<T>'K 

[0 0 9 5] ;*5D©i^S<^HBTC^!BtMc:Jo 
v>T, 06 (c) \zJx^-^.n-y<i:>^^i^^-imi^-ms 

LT^j J;t/ \ S i =5r-t' 2/-^S 9 irift^CO^Kn >t5S K— 

v>?jc<T'b. 9v^-^mkmymm&-v^'V'^<m 20 

[0 0 9 6] ^fc. 06 (b) td^S i =3p-rs/>^9 
(^t"';5':3f'>^r>'i'^«0^. in-situ K— T'l^ioTS 

[0 0 9 7] *^iq(Z)HBT<7^!l»CBtr57^— 30 

^fCOV^Tia?^f 5» 09 (a) , (b) mm\Q 

(a) , (b) fi. ;!^:^§^(7:^!i^^lr^^cfc(OS i Ge 
-HB TBffB^Cjoft 

>3i/LfcJg;*§r^rt12lT'fe5o 09 (a) , 

(b) \±\i^-ffy%S\^Wfm<nm^1i^2Qr^m.(r)^ 
-g-(C*3{t-5v^5:^^— >3>^^^U 09 (a) fl 
S i ^■VS'>^ta3{t-5^D>^iSn X 1 Qi^'atoiiis 

• crn-^(rm^. 09 (b) fiS i •>7"St'*5ft5. 
*'t3>^j5S2X10i8atoms • c m-3(;3:»^^^tl/^:* 
tliT^o *fc^ 010 (a) , (b) {iV^-mtsS i^^f- 40 
■r i'T'gf^JS^dSa 0 nmCO:^(Cjo(t2) v-5 a. W — 
3>lS«:Sr^U 010 (a) fiS i ^^fi' .yy^jUCjift 

1X10 i^'atoms • c m-3(D#^, 0 1 
0 (b) I4S i ^•t->:7°jg}c:*5ft5JKn>^>a52X 1 
QiSatoras • c m-^CO^^Sr-tix^il^c 
[0 0 9 8] 09 (a) d^^lx-Sipld. S i ^-^^ y 
:;r^(C*5ft l X l O I'^atoms • c m-3<^ 

ii® LTV OS !3 , Si ^-V y^^cO 5 50 
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51^iR)t^>Rlinkj45J4:|!8&<i:fe# V ^**T'fo5o ^ ^ 

09 (b) \Zyf^^^^^o\^. Si^^y-fWi^^ 
(t'5:iI<n>^;S5 2 X 1 OiSatoms • crar^aM^\Z. 
S i =^-r y7«i:^S i Ge-<'-;^Mi:t::*&-(c 

^s—,v'm&^WrJXii "0. s i •> 5 5; ■> 

grt,<o y >'i5'^Blitik{cfcft51^M5>Rlink;SS-H> 
/h$<?te5o *fc. 010 (a) , (b) SrSV^Jdtfc 

[0099] 01 iJi> 7|5^W6oy://i^y->y 

3 >aHB TC7>S i ^-r •>7°Ji(C*3{t^JKo >-(7> K— ^ 

5„ |Hl0(c*3V>Ts ll^fi^^i^i^^mSfc (A) 
8jWl}«»l]ff»fJl^fT (GHz) ^*LTV^ 
5o l^0{-^J: 9 tc. Si -y^SOJ^^Sr:*:^ < 

(its t A/^^TL>feV^r t^s?:>;0^-5„ 
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